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Abstract 
This research studies the environmental impacts of a small-scale incinerator combined with heating 
production (ICH), which has a combustion rate of refuse derived fuel type three (RDF-3) of approximately 
2 ton/day, a life span of approximately 20 y, and a functional unit of approximately 1 kgRDF-3. A life cycle 
assessment (LCA) under the standard of ISO 14040 is used to investigate the 10 impacts by using the 
SimaPro program under the ReCiPe midpoint and endpoint methods From the study results, it found that 
ten LCA impacts of the small-scale ICH under the midpoint level are a climate change of 3.50E-04 kg CO2 
eq, an ozone depletion of 1.76E-10 kg CFC-11 eq, a human toxicity of 8.87E-02 kg 1,4 DB eq, a particulate 
matter formation of 9.40E-06 PM10 eq, a terrestrial acidification of 1.64E-05 kgSO2 eq, an eutrophication 
of 2.21E-06 P eq, a terrestrial ecotoxicity of 2.54E-06 kg 1,4 DB eq, a freshwater ecotoxicity of 1.43E-04 
kg 1,4 DB eq, a metal depletion of 5.84-E04 kg Fe eq, and a fossil depletion of 9.25E-04 kg oil eq. The 
LCA impacts are found in the construction, operation, and decommissioning phases at approximately 
42.52%, 66.50%, and -9.02%, respectively. The main environmental affect are essentially driven by an 
electricity of 47,580 kWh, and a steel of 3,900 kg. Finally, the LCA single score under the endpoint level 
is found at approximately 474.34 Pt. 
 
Keywords: life cycle assessment, small-scale incinerator combined with heating production, refuse derived 
fuel type three (RDF-3) 
 
1. Introduction 
Present wastes affected a high amount environmental impact by landfill method. The amount of waste had 
continuously increment by the increment of population, economic expansion, and changes in consumer 
behavior, which affected to landfill area. Combustion was interesting alternative, which was the high effect 
method. As for, the environmental impact depended the concert design of incinerator  Therefore, it had 
studied the life cycle assessment of incinerator. 
Ning, Chang, and Hung (2013) studied comparison of a life cycle assessment (LCA) for two incinerator 
types comprising a fluidized-bed incinerator (FBI) and a mechanical-grate incinerator (MGI) by using 
SimaPro program ReCiPe method. The FBI had less impact than the MGI. Turconi-Astrup et al. (2011) 
studied comparison of LCA of the incinerator in Denmark and Italy. The incinerator in Denmark had less 
impact than the incinerator in Italy. Chaya and Gheewala (2007) studied comparison of LCA of incineration 
and anaerobic digestion. The anaerobic digestion resulted in the higher net energy output compared to the 
incineration scheme. However, the incineration had less potential impact for nutrient enrichment. 
Cherubini, Bargigli, and Ulgiati (2009) studied LCA of four waste management strategies to landfill 
without biogas utilization, landfill with biogas combustion to generate electricity, sorting plant, and direct 
incineration of waste in Italy. Results also showed that a sorting plant coupled with electricity and biogas 
production (scenario 2) was very likely to be the best option for waste management  Hong-Qian et al. (2006) 
studied LCA for the five different alternative waste treatment strategies (landfill, incineration, BMT-
compost, BMT-incineration, and BMT-landfill). Results showed that the total environmental impact 
potential (TEIP) of BMT-compost was the lowest. Gianfilippo-Astrup et al. (2016) presented evaluation 
and comparison the environmental impacts related to two different management options for Refuse derived 
fuel (RDF) incineration and RDF gasification generated by LCA in central Italy. The results showed that 
the both types was associated with the highest environmental impacts in the non-toxicity related categories. 
For the toxicity related categories, the gasification BA had less impact than the incineration BA. Ziyang-
Youcai, et al. (2015) represented large-scale incinerators. A large-scale working incineration plant of 1500 
ton/d was chosen for evaluation using the LCA. Human toxicity via soil, water, and air (HTs, HTw, and 
HTa) categories were 0.213, 2.171, and 0.012 personal equivalents (PE), and global warming (GW100) and 
nutrient enrichment (NE) impacts were 0.002 and 0.001 PE per ton of waste burned. Mendes, Aramaki, and 
Hanaki (2004) compared the environmental impact of incineration and landfilling of municipal solid waste 
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in São Paulo City, Brazil. Incineration with ash disposal to a landfill site resulted in the lowest impact 
values for all impact categories assessed in this study. Havukainen-Horttanainen et al. (2017). studied 
comparison the environmental impact assessment of the RDF incineration and the co-incineration of the 
municipal solid waste (MSW) with coal by the LCA in Hangzhou, China. Results showed that the RDF 
incineration less than the co-incineration of MSW. Yang-Lujun et al. (2018) reported environmental impact 
of the municipal solid waste incineration combined heat and power (MSWICHP) in Chinese industrial 
parks. MSWICHP in a typical Chinese industrial park achieved a reduction in greenhouse gas (GHG) 
emission as compared with coal-fired CHP to generate the same energy outputs. 
From the research studies, the LCA of the CHP system from incinerator and heating process has the less 
filed works. Thus, in this study, a novel design of small-scale incinerator combined with heating production 
is presented and considered by using the LCA method.  
 
2. Theory 
Small-scale incinerator combined with heating production  
Small-scale incinerator combined with heating production or ICH has a schematic diagram as shown in
Figure 1. The RDF is fed into a combustion chamber or a combustion zone, which installs a heating tube 
to transfer heat between a combustion heat and a useful working fluid. When, the RDF is transferred to heat 
by combustion process, a bottom ash and an exhaust are the main output waste from the ICH system. The 
bottom ash is manually ejected at the bottom of the combustion zone. The exhaust gas is treated by using a 
double absorber unit. This unit is specially designed to separate a small molecular mass of exhaust 
components from the pure exhaust gas. A very small-spray water injector and a cooling unit is developed 
for this treatment process. Finally, a vacuum filter is adapted for an absolutely solid-gas separation 
technique. Moreover, an overall efficiency of the ICH system can be defined as follows: 
ICH = [QWF / (QRDF + WBW + WWP)] x 100     (1) 
 
 
Figure 1 A schematic diagram of the ICH system. 
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Life cycle assessment 
The LCA is analysis of environmental impact under the international standard ISO 14040 Ondokmai 
and Chaiyat (2018). The life cycle of raw material, production, transportation, using, and decommissioning, 
which divides the LCA process into 4 processes as follows: 
1. Goal and scope definitions of the aim study. 
2. Life cycle Inventory (LCI) of all energy and raw material of system or product. 
3. Life cycle Impact assessment (LCIA) is environmental impact assessment, which is driven from the 
LCI data. 
4. Interpretation is result, discussions and conclusion analysis. 
 
3. Methodology 
The ICH prototype 
A prototype of ICH as shown in Figure 2 of School of Renewable Energy, Maejo University is used to 
evaluate the environmental results of this study. The ICH has a combustion rate of RDF at approximately 
2 ton/d and a life span of approximately 20 y. 
 
Figure 2 The ICH prototype of School of Renewable Energy, Maejo University. 
Goal and scope definition 
Goal of study is to study the environmental impact from the ICH by using RDF-3. 
Scope of study is the cradle to grave, which considers of raw material (inlet), energy, resource, 
transportation, using, production (outlet), and decommissioning as show in Figure 3. 
Functional unit is assumed to be 1 kgRDF-3. 
 
The exhaust property of the RDF-3 
In this study, an exhaust is referred from a testing result of (Semgnavong, 2018). The exhaust data as 
shown in Table 1 is used to evaluate the environmental impact from the RDF-3 exhaust. Moreover, a bottom 
ash data of (Semgnavong, 2018) at approximately g/kgRDF-3 is also referred. 
 
Life cycle inventory 
The ICH at sizing of width of 2.20 m x length of 5.00 m x high of 3.00 m and the building at sizing of 
width of 4.00 m x length of 7.00 m x high of 4.90 m are investigated all raw materials. Moreover, input 
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energy from electrical power of water pump and blower are also recorded. While, output products of hot 
water, exhaust, ash, and waste water are considerably focused. 
Life cycle impact assessment 
The relevant environmental impact throughout the ICH life cycle by using the SimaPro program under 
the ReCiPe midpoint method (SimaPro, 2019) from the 10 impact categories as depicted in Table 2 are 
presented. 
 
Interpretation 
All environmental impacts from the LCIA process are used to interpret the main effects of the ICH 
prototype. These analysis data from interpretation are used to improve and redesign the new ICH model. 
 
Table 1 Compound in exhaust of the RDF-3. 
Compound Value Unit Compound Value Unit 
O2 18.34 % NOx 29 ppm 
CO2 0.89 % SO2 5 ppm 
CO 2065 ppm NO2 0.9 ppm 
H2 0 ppm NO 28 ppm 
 
 
Figure 3 Studies scope in environmental impact assessment from the ICH. 
Table 2 Environmental impact studies all 10 side  
Environment impact category Unit 
Climate change (CC) kg CO2 eq 
Ozone depletion (OD) kg CFC- eq 
Human toxicity (HT) kg , DB eq 
Particulate matter formation (PMF) kg PM eq 
Terrestrial acidification (TA) kg SO eq 
Freshwater eutrophication (FE) kg P eq 
Terrestrial ecotoxicity (TET) kg , DB eq 
Freshwater ecotoxicity (FET) kg , DB eq 
OutputInput
Raw material
RDF
Water
Electricity energy
Water pump
Blower
Construction phase
Operation phase
ICH system
Building
Decommissioning phase
Other components
Landfill
Recycle
Exhaust
Hot water
Ash
Waste water
ICH system
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Environment impact category Unit 
Metal depletion (MD) kg Fe eq 
Fossil depletion (FD) kg oil eq 
 
4. Results and discussion 
Life cycle inventory  
From the data collection, the inventories of raw material and energy from the construction, operation, 
and decommissioning phases are presented in Table 3. The construction phase has the highest material of 
a concrete of 10,368 kg in from the building. The RDF-3 and electrical power consumption of water pump 
and blower at approximately 14,600 ton and 47,040 kWh are found as the main input of material and energy 
in the operation phase. In decommissioning phase, the recycle and landfill methods are used in this phase. 
A steel of 3,000 kg can be reused in another application. While, the high amount of concrete is sent to the 
landfill process. 
 
Table 3 The LCI result throughout life cycle for the ICH. 
Construction phase Blower electricity 35,840.00 kWh 
Raw material Quantity Unit Product 
The ICH Exhaust 10,026.91 kg 
Volcanic soil 5,800.00 kg Waste water 1.83 m3 
Steel 3,820.00 kg Bottom ash 22,922  kg 
Cast iron 87.00 kg Decommissioning phase
Galvanized steel 150.00 kg Recycle 
Reinforcing steel 80.00 kg Steel ,500.00 kg 
Glass wool insulation 2.00 kg Cast iron 50.00 kg 
Alkyd paint 20.00 kg Galvanized steel 100.00 kg 
Gasket  kg Copper 12.50 kg 
Plastic (PVC) 5.00 kg Reinforcing steel 80 kg 
Plastic (PS) 1.50 kg Landfill
Sand 10.00 kg Steel 1,400.00 kg 
Copper 12.50 kg Cast iron 37.00 kg 
Synthetic rubber 2.00 kg Galvanized steel 50.00 kg 
Steel cold rolled coil 1.00 kg Concrete 10,368.00 kg 
Tinplate steel  kg Synthetic rubber 2.00 kg 
Flat glass 3.00 kg Metal sheet 200.00 kg 
Building Steel cold rolled coil 1.00 kg 
Concrete 10,368.00 kg Reinforcing steel 100.00 kg 
Metal sheet 200.00 kg Tinplate steel 5.00 kg 
Steel 80.00 kg Gasket 1.00 kg 
Reinforcing steel 100.00 kg Glass wool insulation 2.00 kg 
Energy Flat glass 3.00 kg 
Electricity 540.00 kWh Volcanic soil 5,800.00 kg 
Transport Alkyd paint 20.00 kg 
The ICH transport 403  tkm Sand 10.00 kg 
Operation phase Plastic (PVC) 5.00 kg 
Raw material Plastic (PS) 1.50 kg 
The RDF-3 14,600  ton Bottom ash 22,922.00 kg 
Water 1,780  kg Waste water 1.83 m3 
Energy Transport
Water pump electricity 11,200.00 kWh Transport for landfill 298.50 tkm 
 
Life cycle impact assessment  
From the LCI data, ten environment impact categories under the midpoint level by using the ReCiPe 
database as in Table 4 are considered, which the main causes of these impacts are driven by electricity, 
steel, and concrete, respectively. Electricity has the lower characterization factor compared with steel, but 
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the amount of electrical power consumption from the water pump, blower, and ICH construction at 
approximately 47,580 kWh is the highest value for a LCA life time of 20 y as shown in Figures 4-12. 
A climate change of 3.50E-03 kg CO2 eq/kgRDF-3, a terrestrial acidification of 1.64E-05 kg SO2 eq/kgRDF-
3, and a fossil depletion perspectives of 9.25E-04 kg oil eq/kgRDF-3 are considerably driven by electricity. 
The use of fossil fuel in electricity production process of Thailand are mainly cause of these impacts as 
shown in Figures 4-6. 
 
 
Table 4 Environmental impact assessment results of the ICH. 
Environment 
impact 
categories 
Unit 
Construction 
phase 
Operation 
phase 
Decommissioning phase Total emission 
Recycle Landfill Lifetime 1 kgRDF-3 
CC kg CO2 eq 1.23E+04 3.94E+04 -3.64E+03 1.87E+02 4.82E+04 3.30E-03 
OD kg CFC- eq 6.54E-04 1.72E-03 -2.14E-04 6.18E-05 2.22E-03 1.52E-10 
HT kg 1,4 DB eq 1.41E+04 1.54E+04 -3.06E+03 3.39E+01 2.64E+04 1.81E-03 
PMF kg PM10 eq 3.69E+01 9.77E+01 -1.32E+01 5.80E-01 1.22E+02 8.36E-06 
TA kg SO2 eq 4.65E+01 1.58E+02 -1.54E+01 1.21E+00 1.90E+02 1.30E-05 
FE kg P eq 8.40E+00 2.02E+01 -1.87E+00 1.72E-02 2.68E+01 1.83E-06 
TET kg 1,4 DB eq 2.10E+00 1.42E+00 -2.69E-01 3.39E-02 3.29E+00 2.25E-07 
FET kg 1,4 DB eq 4.09E+02 1.16E+03 -5.34E+01 1.25E+00 1.52E+03 1.04E-04 
MD kg Fe eq 1.16E+04 6.20E+02 -2.46E+03 8.27E+00 9.76E+03 6.69E-04 
FD kg oil eq 2.51E+03 9.71E+03 -6.30E+02 1.22E+02 1.17E+04 8.02E-04 
 
 
Figure 4 Climate change impact. 
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Figure 5 Terrestrial acidification impact. 
 
Figure 6 Fossil depletion impact. 
Figures 7-8 reveal the effect of an ozone depletion of 1.76E-10 kg CFC- eq/kgRDF-3 and a terrestrial 
ecotoxicity of 2.25E-07 kg 1,4 DB eq/kgRDF-3. The natural gas production process of low voltage electricity 
production destroys the ozone layer and induces the acid rain. 
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Figure 7 Ozone depletion impact. 
 
Figure 8 Terrestrial ecotoxicity impact. 
The human toxicity and freshwater eutrophication at approximately 8.87E-02 kg 1,4 DB eq/kgRDF-3 and 
2.21E-06 kg P eq/kgRDF-3, respectively, occur the landfill damage of lignite mining process in the lignite 
power plant as shown in Figures 9-10. 
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Figure 9 Human toxicity impact. 
 
Figure 10 Freshwater eutrophication impact. 
The particulate matter formation of 9.40E-06 kg PM10 eq/kgRDF-3 is driven by high voltage electricity 
production from lignite combustion, which is part of low voltage electricity production as shown in Figure 
11. 
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Figure 11 Particulate matter formation impact. 
The exhaust treatment process of incineration by using water as the main substance are mainly cause of 
the freshwater ecotoxicity at a value of 1.43E-04 kg 1,4 DB eq/kgRDF-3 as shown in Figure 12. 
 
Figure 12 Freshwater ecotoxicity impact. 
The manganese production process in low voltage electricity system is the main reason of the metal 
depletion, which has a value of 5.84E-04 kg Fe eq/kgRDF-3 as shown in Figure 13. 
 
Figure 13 Metal depletion impact. 
Electricity steel
Concrete
Bottom ash landfill
Volcanic soil
Alkyd paint
Transport
Exhaust
Remaining raw material
Electricity
steel
Concrete
Alkyd paint
Volcanic soil
Transport
Bottom ash landfill
Glass wool insulation
Remaining raw material
steel
Electricity
Concrete
Volcanic soil
Alkyd paint
Bottom ash landfill
Transport
Glass wool insulation
Remaining raw material
592 | Proceeding Book 7th Asian Academic Society International Conference 2019 
The LCIA are found in the construction, operation, and decommissioning phases at approximately 
42.52%, 66.50%, and -9.02% respectively. 
Interpretation 
The results of this research as show in Table 5 are compared with another research under the same 
process and scope. 
Table 6 shows the normalization value and weighting point for the ICH. The reference data of 
normalization and weighting factor are referred from the ReCiPe (2016). While, the weighting factor is 
considered and defined from the environmental situation in Chiangmai, Thailand. The LCA single score 
under the endpoint level by using ReCiPe database is found at approximately 474.34 Pt. 
 
Table 5 Environmental impact assessment comparison of this research with other research. 
Environment 
impact 
category 
Unit 
This 
research 
Mendes 
et al. 
(2004) 
Hong et 
al. (2006) 
Chaya and 
Gheewala 
(2007)] 
Ziyang 
et al. 
(2016) 
Havukain
en et al. 
(2017) 
CC kg CO2 eq/kgRDF-3 3.30E-03 6.00E-01 2.99E-01 2.73E-01 2.09E-02 7.40E-02 
OD kg CFC- eq/kgRDF-3 1.52E-10 - - -3.00E-06 - - 
HT kg 1,4 DB eq/kgRDF-3 1.81E-03 - - - - - 
PMF kg PM10 eq/kgRDF-3 8.36E-06 - - - - - 
TA kg SO2 eq/kgRDF-3 1.30E-05 1.30E-04 5.13E-04 2.37E-03 1.72E-04 5.00E-04 
FE kg P eq/kgRDF-3 1.83E-06 - - - - - 
TET kg 1,4 DB eq/kgRDF-3 2.25E-07 - - - - - 
FET kg 1,4 DB eq/kgRDF-3 1.04E-04 - - - - - 
MD kg Fe eq/kgRDF-3 6.69E-04 - - - - - 
FD kg oil eq/kgRDF-3 8.02E-04 - - - - - 
 
Table 6 Normalization value and weighting point for the ICH. 
Environment 
impact 
category 
Total 
emission 
lifetime 
Normalization 
reference (The 
ReCiPe, 2016) 
Normalization 
value 
Weighting 
factor 
Weighting 
point (Pt) 
CC 4.82E+04 1.12E+04 4.30E+00 4 1.72E+01 
OD 2.22E-03 2.20E-02 1.01E-01 2 2.02E-01 
HT 2.64E+04 6.29E+02 4.19E+01 4 1.68E+02 
PMF 1.22E+02 1.49E+01 8.19E+00 4 3.27E+01 
TA 1.90E+02 3.44E+01 5.54E+00 2 1.11E+01 
FE 2.68E+01 4.15E-01 6.46E+01 1 6.46E+01 
TET 3.29E+00 8.26E+00 3.98E-01 1 3.98E-01 
FET 1.52E+03 1.10E+01 1.38E+02 1 1.38E+02 
MD 9.76E+03 7.14E+02 1.37E+01 2 2.73E+01 
FD 1.17E+04 1.56E+03 7.53E+00 2 1.51E+01 
Total (Pt) 474.34 
 
Conclusion 
From the study results, it could be concluded as follows: 
The environment impacts of the ICH under the functional unit of the RDF-3 at approximately 1 kg are 
climate change of 3.30E-03 kg CO2 eq, ozone depletion of 1.52E-10 kg CFC-11 eq, human toxicity of 
1.81E-03 kg 1,4 DB eq, particulate matter formation of 8.36E-06 kg PM 10 eq, terrestrial acidification 
of 1.30E-05 kg SO2 eq, freshwater eutrophication of 1.83E-06 kg P eq, terrestrial ecotoxicity of 2.25E-
07 kg 1,4 DB eq, freshwater ecotoxicity of 1.04E-04 kg 1,4 DB eq, metal depletion of 6.69E-04 kg Fe 
eq, and fossil depletion of 8.02E-04 kg oil eq. 
The main environmental impact of the ICH comes from the electricity of 47,580 kWh and steel of 3,900 
kg. 
The environmental impact occurs from the construction, operation, and decommissioning phases at 
approximately 42.52%, 66.50%, and -9.02% respectively. 
The LCA single score under the endpoint level by using ReCiPe database is found at approximately 474.34 
Pt. 
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Nomenclature 
Explanation 
CC  Climate change, (kg CO2 eq) 
CO  Carbon monoxide 
CO2  Carbon dioxide 
e  Electric power, (kW) 
FD  Fossil depletion, (kg oil eq) 
FE Freshwater eutrophication, (kg P eq) 
FET Freshwater ecotoxicity, (kg 1,4 DB eq) 
H2  Hydrogen 
HT  Human toxicity, (kg 1,4 DB eq) 
LCA Life cycle assessment 
LCI  Life cycle inventory 
LCIA Life cycle impact assessment 
MD  Metal depletion, (kg Fe eq) 
n lifetime, (y) 
NO  Nitrogen monoxide 
NO2  Nitrogen dioxide 
NOx  Nitrogen Oxide 
O2  Oxygen 
OD  Ozone depletion, (kg CFC-11 eq) 
PMF Particulate matter formation, (kg PM10 eq) 
Q Heat transfer rate, (kW) 
SO2  Sulfur dioxide 
t time, (h) 
TA  Terrestrial acidification, (kg SO2 eq) 
TET  Terrestrial ecotoxicity, (kg 1,4 DB eq) 
WP Weighting point, (Pt) 
Greek letters 
   Efficiency, (%) 
Subscripts 
ICH Small-scale incinerator combined with heating production 
WF  Working fluid 
RDF-3 Refuse derived fuel type three 
BW  Blower 
WP  Water pump 
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